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APPLICATIONS  IN  SUBPICOSECOND  SPECTROSCOPY 
AFOSR  Contract  #84-0318 
For  Period  Ending  September  1985 

One  of  the  goals  of  this  project  was  to  directly  observe  the  nonsteady  state  carrier 
transport  in  bulk  materials  and  heterostructures.  Lately,  we  have  been  attempting  to 
directly  time-resolve  carrier  velocity  overshoot  in  GaAs  using  femtosecond  optical 
techniques.  The  principle  of  the  experiment  is  shown  in  Fig.  1 .  Carriers  are  produced  in  a 
sample  of  GaAs  by  femtosecond  optical  pulses  wavelength-tuned  ideally  at  the  band  gap. 
The  photocurrent,  I(t),  is  proportional  to  the  number  of  photocarriers,  N,  the  charge  of  the 
electron,  (e),  and  the  velocity,  v(t).  The  photocurrent  was  time-resolved  using  the  electro¬ 
optic  sampling  technique.  Because  the  velocity  overshoot  occurred  in  the  subpicosecond 
time  scale,  the  direct  investigation  of  this  phenomenon  necessitated  tunable  femtosecond 
optical  pulses  in  the  near  IR  as  well  as  subpicosecond  waveform  characterization 
capabilities. 

Over  the  First  year,  an  extensive  amount  of  work  was  devoted  to  the  demonstration 
of  a  novel  femtosecond  tunable  source  and  to  the  temporal  resolution  improvement  of  the 
electro-optic  sampling  technique.  In  addition,  the  response  of  fast  devices  such  as  the 
MESFET  and  TEGFET  was  studied  in  an  attempt  to  measure  the  carrier  transit  time 
through  the  control  region. 

(A)  The  tunable  femtosecond  high  repetition  rate  source  (Fig.  21 

As  shown  in  Fig.  2,  the  system  was  based  on  a  Nd:YAG,  cw-pumped  mode 
locked  dye  laser  which  provides  <  80  fs  optical  pulses  Some  of  the  1  06  pm  light  was 
reamplified  by  a  regenerative  amplifier  The  regenerative  amplifier  provides  a  pulse  at 
1  kHz  of  1  mJ  energy  perfectly  synchronized  with  the  short  pulses  delivered  by  the 


oscillator.  After  frequency  doubling,  the  pulses  pump  a  two-stage  amplifier.  At  the  output 
of  the  second  stage  the  energy  per  pulse  is  >  1  jxJ  at  1  kKz.  The  autocorrelation  traces  of 
the  amplified  input  and  output  appear  in  Figs.  3  and  4.  The  peak  power  is  high  enough 
when  focused  in  a  water  cell  to  generate  white  light  continuum,  so  ultrafast  spectroscopy 
can  be  done  over  the  entire  visible  spectrum.  The  amplification  of  pan  of  the  continuum  is 
shown  in  Fig.  5  by  means  of  an  auxiliary  dye  cell  pumped  with  the  remains  of  the  second 
harmonic.  Pump  and  probe  experiments  at  different  wavelengths  can  for  the  first  time  be 
made  at  this  repetition  rate. 

(B)  Waveform  characterization  with  few  hundred  femtosecond  resolution 

Parallel  to  the  effort  on  tunable  short  amplified  pulses,  an  extensive  amount  of  work 

has  been  done  in  the  area  of  electro-optic  sampling.  We  have  demonstrated  that  by  using  a 
coplanar  stripline,  a  waveform  with  400  fs  features  could  be  time  resolved. 

(C)  High  speed  device  characterization 

We  have  also  shown  that  the  technique  of  electro-optic  sampling  could  be  applied  to 
the  characterization  of  transistors  such  as  MESFET  and  TEGFET.  The  experimental  set  up 
is  shown  in  Fig.  6.  A  short  pulse  excites  a  photoconductive  switch  to  produce  a  fast  step 
function  which  is  applied  to  the  gate  of  the  transistor.  The  collector  output  was  connected 
to  a  transmission  line  built  on  electro-optic  material.  The  result  showed  the  transistor 
response  for  MESFET  and  TEGFET  under  low  gain  condition.  Rise  times  of  25  ps  for  the 
MESFET  and  17  ps  for  the  TEGFET  have  been  observed.  The  TEGFET  results  agTcc  ver\ 
well  with  ring  oscillator  data,  where  a  gate  delay  of  18  ps  has  been  observed  for  the  same 
type  of  device 
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PARTICIPATING  PROFESSIONALS 


In  order  to  time  resolve  in  the  subpicosecond  time  scale,  the  velocity  overshoot  and 
tunable  ultrafast  optical  source  had  to  be  demonstrated,  and  the  temporal  resolution  of  the 
electro-optic  sampling  technique  used  in  this  experiment  had  to  be  improved  to  the  hundred 
femtosecond  level.  A  large  number  of  people,  graduate  students  essentially,  have  been 
involved  either  in  the  source  development  or  electro-optic  sampling  improvement.  The 
people  involved  in  this  research  have  been: 

Professors:  G.  Mourou  and  T.  Castner  (University  of  Rochester);  R.  Grondin 
(University  of  Arizona) 

Graduate  Students:  T.  Norris,  K.  Meyer,  I.  Duling,  and  M.  Pessot  (University  of 
Rochester) 


INTERACTION  AND  COUPLING  ACTIVITIES 


All  the  Monte  Carlo  modeling  has  been  performed  at  the  University  of  Arizona  by 
Professor  Grondin's  group.  The  Rochester  group  has  been  very  active  in  encouraging  the 
interaction  between  the  field  of  ultrafast  optics  and  high-speed  electronics;  we  participated 
in  the  birth  of  the  conference  on  picosecond  electronics  and  optoelectronics  that  took  place 
in  Lake  Tahoe  in  March  1985.  The  group  has  interacted  extensively  with  other  departments 
at  the  University  of  Rochester:  Electrical  Engineering,  Institute  of  Optics,  and  Physics. 
We  have  interacted  with  other  universities,  such  as  Cornell  University,  which  has  provided 
us  with  some  MESFET  devices.  The  group  has  interacted  with  laboratories  such  as  MIT 
Lincoln  Laboratory  in  the  characterization  of  the  Permeable  Base  Transistor  and  Thomson- 
CSF  for  the  TEGFET  characterization. 

A  number  of  seminars  and  conferences  were  given  on  the  general  subject  of 
ultrafast  optics  for  electronics.  I  gave  presentations  at  the  following: 


University  of  Arizona 

January  24 

IBM  -  Yorktown  Heights 

February  25 

Picosecond  Electronic  &  Optoelectronic,  Lake  Tahoe 

March  13 

Bell  Laboratory  -  Murray  Hill 

April  9 

Bell  Laboratory  -  Holmdel 

April  10 

MIT 

April  24 

Cerdon.  Conference  -  New  Hampshiie 

July  30 

CLEO  -  Baltimore 

May  22 

Lincoln  Laboratory 

September  6 

Universite  Laval  -  Quebec 

September  19 

Princeton  University 

September  23 

Siemens  -  Princeton 

September  24 

Notre  Dame 

October  20 

American  Institute  of  Physics 

Corporate  Associate  Meeting 

October  23 

Lawrence  Livermore  National  Laboratory 

October  29 

Optical  Bistability  Conference  -  Tucson,  Arizona 
Physics  of  Ultrasmall  Devices  -  Tempe,  Arizona 


December  3 
December  9 
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